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G enital chlamydial infections are the most frequently reported communicable disease in Canada (1) . Most chlamydial infections are mild or asymptomatic, but silent infections in women may lead to long term reproductive sequelae, such as pelvic inflammatory disease, ectopic pregnancy and infertility. Infected individuals are at increased risk of acquisition of human immunodeficiency virus (HIV) (2) . In the United States, it is estimated that four million new cases of genital chlamydial infection occur per year, and 50,000 women become infertile each year as a result (3, 4) . In Canada, approximately 40,000 new cases occur every year, with 70% of the reported infections occurring in the 15 to 24 year age group (5, 6) . The total burden-of-illness cost for genital chlamydial infections in Canada was estimated to be in excess of $89 million dollars in 1990 (7) .
Because 50% to 70% of genital chlamydial infections can be asymptomatic, widespread screening for chlamydial infections in women was initiated in the late 1980s. Efforts at screening for infections in men, however, have not been as successful. Men do not access the health care system as often as women and are often reluctant to undergo urethral swabbing in the absence of any urethral symptoms. As a result, first-catch urine (FCU) specimens were introduced as a noninvasive alternative for diagnosing asymptomatic infections in men. Unfortunately, testing FCU using enzyme immuoassays (EIAs) showed a sensitivity of only 44% to 85% compared with urethral swab culture (8) . This suboptimal performance has been attributed to the low bacterial burden in asymptomatic men (9, 10) .
The advent of nucleic acid amplification technology, such as polymerase chain reaction (PCR), ligase chain reaction (LCR) and transcription mediated amplification, has brought dramatic improvements in test performance over culture and other nonculture tests because of lower detection thresholds. Recent studies have shown that the assays can also be used on FCU from both men and women (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) . However, these nucleic acid-based assays are technically more demanding and more costly than nonculture tests such as EIA, which are currently used in most laboratories. One strategy that could reduce the cost of testing is to prescreen with simple, rapid and inexpensive tests that are indicators of urethral inflammation, such as the leucocyte esterase test (LET) or the presence of four polymorphonuclear leukcocytes (PMNs) or more per high power field in a Gram-stained smear. In earlier studies, LET showed promise as an inexpensive and rapid on-site screening tool (8) . However, recent evaluations of LET showed equivocal results (23) (24) (25) (26) (27) (28) (29) (30) . Another means of reducing cost of screening programs is to use risk assessment. The Canadian STD Guidelines (31) recommend screening if an individual fits any one of the following categories: younger than 25 years of age, injection drug user or substance abuser, street youth, a history of sexually transmitted disease (STD) in the past year, a new partner in the past two months, two or more partners in the past year, the use of noncondom contraception, or unprotected sex with any of the above.
The objective of this study was to determine strategies to reduce the cost of PCR screening for asymptomatic Chlamydia trachomatis infection in men using combinations of rapid screening tests and risk assessment.
PATIENTS AND METHODS
Study subjects: Consecutive men with no urethral symptoms presenting to the Ottawa-Carleton Sexual Health Centre, Ottawa, Ontario were asked to participate in the study as previously described (12) . Of the 472 men who gave informed consent, information from the standardized questionnaire in-
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Can J Infect Dis Vol 9 No 5 September/October 1998 terview, which included a sexual history and inquiry regarding condom usage, was obtained from 463 men. Laboratory tests: Two urethral swab specimens were obtained on Dacron swabs from all study participants who had not voided in the previous 2 h. The first swab specimen was placed immediately into chlamydia transport medium and stored at 4°C. Samples were processed for C trachomatis culture using Hela 229 cells and for PCR (Amplicor C trachomatis assay, Roche Diagnostics Systems, New Jersey) (12) . The second specimen was obtained for a Gram-stained smear for PMNs, and for Neisseria gonorrhoeae culture as part of the clinic protocol. After the urethral swabs were taken, FCU specimens (20 mL) were collected from a subset of men (n=379) for the LET (Boehringer Mannheim) and for PCR. Discrepant results between urethral culture and urine or urethral swab PCR were confirmed by another PCR reaction using primers for the chlamydial major outer membrane protein (12) . A 1+ score for the LET and a count of four PMNs per high power field were considered positive results. Study participants were considered infected with C trachomatis if they were either culture or confirmed PCR positive (12) .
Cost estimations:
The direct cost of chlamydial infection in men in Canada, which included laboratory testing and professional billing, was estimated to be $4,510,555 in 1990 (7). Because 11,709 cases of genital chlamydial infection in men were reported in Canada in 1990, this is equivalent to a direct cost of $381 per case. This estimate has remained fairly constant, hence $381 per case was used as the comparison for screening costs. In this study, the estimated laboratory costs included the cost of PCR test kits and supplies, which may vary from laboratory to laboratory depending on the volume of testing. The cost of supplies included urine containers, aerosol-free plugged pipette tips, tubes and gloves. Technologist's time was estimated at a rate of $20.00 an hour plus 12% benefits. The cost estimate for professional billing was based on Goeree and Gully's calculation (7) for a minor assessment by a physician because the patient was not symptomatic and was being screened when he accessed the health care system for another complaint. Specific costs are presented in Table 1 .
The various screening strategies were examined using a combination of risk factors and rapid screening tests, and the authors determined strategies whose direct cost did not exceed the estimated direct cost spent per case of chlamydial infection in men in Canada. Data analyses: c 2 analyses with Yates correction or the Fisher's exact test were used to compare differences in proportions. Student's t test was used for paired comparisons.
RESULTS
The prevalence of C trachomatis infection in this population was 7.8% (36 of 463) (12) . The demographics and risk factors of infected and noninfected individuals are shown in Table 2 . The mean age of the participants was 28.7±8.9 years (range 15 to 68), whereas the mean age of infected men was 25±6 years (range 18 to 32). There was a significant differ- have been detected by testing only 384 men at a cost of $376/case. Using age younger than 25 years or STD contact as screening criteria, 28 (78%) of those infected would have been detected by screening 232 men (69%) at a cost of $259/case. In this population, raising the age threshold for screening to include those 35 years of age or younger substantially increased the cost of testing, with the result that the cost of screening exceeded the cost/case in Canada estimated by Goeree and Gully (7).
DISCUSSION
Asymptomatic chlamydial infection in men represents an important reservoir of disease transmission. Screening for genital chlamydial infections using nucleic acid amplification technology on noninvasive specimens such as urine will likely improve test sensitivity as well as compliance for screening. Universal screening in STD clinic settings has been recommended in some studies (32, 33) . We have shown in this study that targeted screening using risk assessment recommended in the Canadian STD Guidelines would detect the same number of cases as would universal screening, but at substantially reduced costs.
Age younger than 25 years remains the single most useful criterion for screening in this STD clinic setting. In this study population, 75% of the infected men were younger than 25 years of age and 86% were 30 years of age or younger. If age younger than 25 years was used as a risk factor for screening, 67% of those infected would have been detected. Sexual contact with a partner with an STD was also a useful indicator for screening, which is often used routinely in this population. Based on a screening assay sensitivity of 90% and risk criteria of age younger than 25 years and STD contact, only 50% of the study participants would need to be tested to detect 78% of the cases, at 57% ($259/$453) of the cost of universal screening (Table 3) . Current Canadian STD Guidelines recommend other risk factors for screening such as a new partner in the past two months, two or more partners in the past year or a history of STD. Although these risk factors were not found to be useful predictors of chlamydial infection in this study population, the use of these risk criteria for screening is at the discretion of health care providers who should be knowledgeable about the population that they serve.
Although the LET and the PMN smears were significantly more often positive in infected men than in uninfected men, these tests were not sufficiently sensitive to be useful indicators to reduce the cost of screening in this population. As shown in Tables 3 to 5 , if age and STD contact were used as screening criteria, the use of LET or PMN would not have detected any additional cases. Genç et al (34) found that a combination of LET and EIA screening was cost effective for detecting chlamydial infection in adolescent males. In recent years, the LET has shown variable performance as a predictor of asymptomatic chlamydial infection in men with sensitivities ranging from 57% to 100% compared with culture or LCR (8, (23) (24) (25) (26) (27) (28) (29) (30) . The poor sensitivity of LET obtained in this study is consistent with the findings of Chow et al (23) who showed that LET sensitivity was 54% compared with cervical culture and 53% compared with urine LCR in a study of 4053 women attending STD and family planning clinics (23) . It is possible that the improved sensitivity of LCR or PCR assays has superseded the usefulness of LET because molecular tests can identify infection in patients whose level of urethral inflammation may be below the detection limit of LET.
The usefulnesss of PMN count in Gram-stained urethral smears also appears to vary (35, 36) . The presence of PMN in a urethral smear is an indicator of urethral inflammation. The degree of inflammation may be low in asymptomatic men, and it is, thus, not surprising that we did not find PMN count to be a useful predictor of genital chlamydial infection in our study population. In a study of chlamydial infection in 219 men using culture and EIA, Janier et al (35) found that the presence of PMN on urethral swab or FCU as a predictor of genital chlamydial infection had a sensitivity of 43% in patients with no urethral discharge compared with 90% in those with discharge.
The best estimate of the total burden-of-illness cost of genital chlamydial infections and associated sequelae in Canada for both men and women in 1990 was $89,090,276 (7). The majority (74%) of the cost for male infection was for diagnostic and screening tests at a direct cost of $381 per case. In contrast, 72% of the estimated cost per case for women was for the diagnosis and care of reproductive sequelae, such as pelvic inflammatory disease, ectopic pregnancy and tubal infertility. This resulted in a substantially higher cost per case of $2,224.83 for women, not to mention the human costs associated with adverse reproductive sequelae. Based on a screening assay sensitivity of 90% and a risk criterion of age younger than age 25 years or STD contact, we have shown that only 50% of the study participants would need to be tested to detect 78% of the cases, at 57% ($259/$453 × 100) of the cost of universal screening. This cost is only 69% ($259/$376 × 100) of the cost of targeted screening using risk criteria recommended in the Canadian Guidelines. However, using this strategy (age younger than 25 years or STD contact) would result in false economy. Four cases (28 versus 32) would be missed using with this strategy, and if these infections were transmitted to their sexual partners, the cost of caring for those infected partners would amount to $8,899.32. The estimated direct cost of testing an additional 152 men (384-232=152), at $31.31 per test, to avert these four infections would only be $4,759.12.
Given the enormous human and economic costs of genital chlamydial infection and adverse reproductive sequelae in women in Canada, and that screening and treatment of genital chlamydial infections have been shown to be effective in the prevention of pelvic inflammatory disease and the transmission of HIV, cost effective strategies to screen for asymptomatic infections in both men and women should be a priority (36, 37) . Genç and Mardh (38) showed that the use of PCR for screening and azithromycin for treatment of asymptomatic chlamydial infection in women was cost effective if the prevalence of infection exceeded 6%. In this study we showed that, at a prevalence of 7.8% in an STD clinic setting, targeted screening using urine PCR assays and risk assessment criteria recommended in the current Canadian STD Guidelines was as effective as universal screening but at substantially reduced costs. The estimated cost of this strategy also compares favourably with the estimated cost per case of chlamydial infection in men in Canada based on the less sensitive EIA which requires the use of urethral swab specimens. Further studies are needed to develop screening strategies in other settings and in populations with a lower prevalence of infection.
